Introduction
The photosynthetic apparatus of green photo synthetic bacteria is characterized by the appear ance of an extram em brane organized, additional light-harvesting system, the chlorosome. These vesicles, oblong bodies, directly attached to the cytoplasmic membrane [1, 2] contain BChl c, d or e as photosynthetic pigment, absorbing light be tween 720 and 750 nm [3] . In the case of Chloroflexus aurantiacus energy is transferred from the chlorosome via a crystalline base-plate (792 nm) to the B 806-866 intram em brane located core com plex [4, 5] and finally to the reaction center (P865) [6] . In members of the Chlorobiaceae no intracytoplasmic core complex has been found so far. H ow ever, an additional water-soluble BChl a-binding protein (807 nm) located between the reaction cen ter and the chlorosome [7] could serve as an energy transm itter from a chlorosomal BChl a complex, absorbing light at 795 nm [8] to the reaction center (P840).
Freeze fracture electron micrographs o f chlorosomes revealed rod-like three-dimensional struc tures [1, 2] , Protein-chemical investigations of chlorosomes from Chloroflexus aurantiacus (proAbbreviations: P T H , p h en y lth io h y d an to in ; T F A , trifluoroacetic acid; BChl, b acteriochlorophyll; H P L C . high perform ance liquid ch ro m ato g rap h y ; C, Chloro bium.
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Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0341-0382/90/0700-0818 $01.30/0 teolytic digestion, cross-linking experiments) by Feick and Fuller [9] have shown the existence of three m ajor polypeptides (3.7, 11 and 18 kDa) and a fourth one (5.6 kDa) appearing only in minor amounts. The 3.7 kDa polypeptide located most probably in the chlorosome has been sequenced. Asn and Gin residues have been proposed to be in volved in binding seven BChl c pigment molecules per polypeptide and thus building-up the rod-like elements [10] . An analogous polypeptide was iso lated from chlorosomes of four members of the Chlorobiaceae exhibiting an overall homology of about 30% to the BChl c-binding polypeptide of Chloroflexus aurantiacus [11] . The seven proposed binding sites in the polypeptide of Chloroflexus are not conserved in the corresponding polypeptides of the Chlorobiaceae. However, two main hom o logous amino acid clusters are suggestive of func tional domains. A 7.5 kDa polypeptide, originally proposed to be the BChl c-binding polypeptide of Chlorobium limicola [12] [13] [14] , was shown to be much less homologous (16.7%) to the c-protein from Chloroflexus aurantiacus.
The homology of the presumable BChl c-bind ing polypeptides between the members of the Chlorobiaceae is extremely high (95.9-100%), ex cept for the corresponding polypeptide of the brown coloured BChl c-containing bacterium C. phaeovibrioides which shows more substitu tions, resulting in a homology of 84.3%. For these reasons a further bacterium, C. vibrioforme forma thiosulfatophilum containing BChl d as abundant photosynthetic pigment in the chlorosome was subject o f our investigations to find out the influ ence of the chlorophyll type on the protein struc ture.
Materials and Methods
Chlorobium vibrioforme f. thiosulfatophilum (DSM 263) was grown photolithoautotrophically at 30 °C and 1000 lux in 11 screw cap bottles in the medium described by Steinmetz and Fischer [15] . To get a better cell yield, the culture was fed once with 50 ml of a solution containing 0.75 g N a2S x 9 H 20 and 0.5 g N a2C 0 3, neutralized by the addi tion o f 2 ml of a sterilized 2 m H 2S 0 4 solution. Cells were harvested by continuous flow centrifu gation at 10,000 rpm in a Christ Labofuge 15,000, washed once in a 0.9% NaCl solution prior to lyophilization and stored at -2 0 C until used.
Lyophilized cells were extracted with a mixture consisting of m ethylenchloride/methanol/ammonium acetate (1:1 (v/v), 0.1 m). The resulting ex tract was chrom atographed by means of gel filtra tion (Sephadex LH-60, Pharmacia, 150 x 4.4 cm). The fraction corresponding to an approxim ate molecular weight of 6 kD a contained the 6.15 kDa polypeptide as a m ajor component. For further purification, this material was applied on a butyl (C4, Shandon) reversed phase column. High per formance liquid chromatography with a linear water/acetonitrile (both containing 0.1% TFA) gradient from 20 to 100% yielded the pure 6.15 kD a polypeptide.
Cleavage at lysine was carried out as described in [16] . Fragm ents were separated by reversed phase chrom atography (HPLC) on a PepRP HR 5/5 (Pharmacia) column with a linear water/ace tonitrile (both containing 0.1% TFA) gradient from 0 to 100%.
F o r amino acid analysis polypeptide samples were hydrolyzed in constantly boiling ~6 n HC1 for 24 or 72 h at 110 °C in vacuo and analyzed on a Biotronic LC 6000 E analyzer.
The am ino acid sequence was determined by the autom ated Edman degradation procedure on an Applied Biosystem 470 A protein sequencer. The PTH am ino acids were identified as described in [17] .
Results
The 6.15 kDa polypeptide was separated from larger polypeptides as well as from smaller mole cules (pigments, lipids) by gel filtration of the or ganic extract on a Sephadex LH-60 column. For further purification the fraction corresponding to a molecular weight o f 6 kDa was chrom ato graphed on a butyl reversed phase column. The pure 6.15 kD a polypeptide was detected in peak 2 (Fig. 1) . The polypeptide was incubated for 2 h with 5% HC1 in m ethanol to cleave off the N-terminal formyl group and was then subjected to the autom ated Edm an degradation procedure. Primary structure analysis of the polypeptide re vealed 51 am ino acids (Fig. 3) . Endoproteinase Lys-C was applied in order to cleave the polypep tide at position Lys38. The resulting fragments were separated on a C18 PepHR 5/5 reversed phase column with a linear water/acetonitrile gra dient (Fig. 2) . By amino acid analyses of the m ate rials from the different peaks, it was shown that the C-terminal fragment was contained in peak No. 3. Residues 3 9 -5 9 o f the polypeptide were identified by Edm an degradation (Fig. 3 ) of the fragment from peak No. 3. The determ ination of the C-terminus of the uncleaved polypeptide was neither possible by carboxypeptidase digestion nor by hydrazinolysis, probably due to the small am ounts of material subjected to these experi ments. However, taking into account the amino acid analyses of the whole polypeptide as well as those of the C-terminal fragm ent it seems very likely that the complete sequence o f the BChl dbinding polypeptide of Chlorobium vibrioforme f. thiosulfatophilum has been established (Table I) ways too high in our analyses. Although this is the rule for most proteins it cannot be completely ex cluded, that there is an additional Asx amino acid residue at the end o f the polypeptide. But we know for sure that products of methionine (sulfoxide, sulfon) cannot have increased the Asx peak artifi cially, since their retention times were checked and shown to be identical. Based on the protein se quence know so far the molecular weight of the hy pothetical BChl ^/-binding polypeptide of Chloro bium vibrioformef. thiosulfatophilum is 6154.02.
Discussion
The prim ary structure of the hypothetical BChl d-binding polypeptide from Chlorobium vibrioforme f. thiosulfatophilum has been deter- 
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- mined, although there remains the question of an extra Asx at the C-terminus. This, however, seems to be very improbable with regard to the high homology of the rest of this polypeptide to the cor responding polypeptide from Pelodictyon luteolum. The primary structure analysis of the C-terminal fragment has been performed twice and in both experiments there was no hint for the appearance of an Asx following the serine at posi tion 59. A comparison of all known presumable BChl c-, d-and e-binding polypeptides (Fig. 4) shows a high homology between the members of the Chlorobiaceae. With respect to the sequence of the polypeptide from Pelodictyon luteolum there is only one change in the polypeptide from Chloro bium vibrioforme f. thiosulfatophilum, namely threonine at position 55 is deleted. The hom olo gous regions between positions 2 1 -2 9 and 4 3 -4 8 com pared to Chloroflexus aurantiacus are also conserved just as in the other members of the Chlorobiaceae, thus confirming the presumption that these domains are functionally and structural ly im portant. Above all there is a histidine at posi tion 25, which is a very suitable candidate to bind the bacteriochlorophyll. If these polypeptides are actually involved in binding of BChl pigments, the influence of the structure of the pigment molecules on the primary structure of the polypeptides seems to be quite low. However, there are only very small differences between the structures o f BChl c and d mainly consisting of an additional methyl group of BChl d between ring I and IV at position R 2 and partially unequal alkyl rests at ring II and III.
These more peripherally located differences do not necessarily require distinct changes in the binding polypeptide, assuming that the BChl molecules are bound via the central Mg-atoms. One explanation for this high degree o f homology between the members o f the Chlorobiaceae might be that the species of this family form a coherent, moderately tight phylogenetic grouping [18] . On the other hand, the degree o f homology is lower between the corresponding BChl-binding polypeptides of Chlorobiaceae and Chloroflexus aurantiacus (see Fig. 4 ). This fact can be explained and confirmed by the ribosomal R N A oligonucleotide catalogu ing data which have clearly shown that there exists no close relationship between the green photosyn thetic bacteria Chlorobium and Chloroflexus [19] . Beside the possibility o f lateral gene transfer the most obvious reason for the high degree of homol ogy seems to be a very im portant function of these polypeptides, which is in our opinion the associa tion of the BChl pigment molecules in the chlorosome. Otherwise it is hard to believe that the poly peptide structure should have been conserved so strictly.
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